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The current research examined use of frontal asymmetry measures of electroencephalography
(EEG) activity to assess operator motivational intensity during training of Unmanned Aerial
Vehicle (UAV) operators. Participants performed a series of Intelligence, Surveillance, and
Reconnaissance (ISR) missions of graduated difficulty. Results demonstrate that frontal
asymmetry in conjunction with behavioral measures provides a valuable tool for determining
learner workload and motivational intensity. Implications for the use of frontal asymmetry
metrics to drive real-time adaptive training are discussed.
Unmanned Aerial Vehicles (UAVs) are currently a key component in many military efforts, including
perimeter security, surveillance, reconnaissance and in providing tactical flexibility (Parasuraman, Cosenzo, & De
Visser, 2009). A particular area of interest to many researchers looking into UAV operations is that of adaptive
automation – the idea that using a metric of operator workload can allow a computer system to automate elements of
the UAV task to alleviate workload on the human operator (Wilson & Russell, 2007). A favored method for
determining workload is using electroencephalography (EEG) since signals coming from the brain are much quicker
to register than the behavioral response. Following this thread of research, our team has looked into using
physiological measures like EEG to provide a basis for workload in a real-time adaptive training program.
Cognitive Load Theory (CLT) provides a theoretical basis for the use of a real-time adaptive training
program. CLT postulates that keeping an individual at an optimum level of cognitive load will optimize their ability
to learn the material at hand (Sweller, 1994). Thus, by using EEG to determine a learner’s current level of
workload, one could adapt the training to fit the individual’s current ability to learn by speeding up training for an
individual who is under-loaded or slowing training down (or repeating) for an individual who is overloaded. In
addition to cognitive load, one also has to consider the cognitive-affective state of the learner. As used here, the
cognitive-affective state is primarily determined by motivation intensity as defined by Brehm & Self (1989) and
Wright (2008). Motivational intensity is essentially how much effort a person is “willing” to invest in a given task.
It can be distinguished from the person’s motivation potential (a relatively enduring trait) by its transient nature. As
discussed by Brehm & Self, motivational intensity is a temporary level of motivation determined by the amount of
effort a person will expend to satisfy a particular motive.
In general the amount of effort a person expends on a given task increases as the task becomes more
difficult. However, if the person appraises the task as being so difficult that expending further effort is unlikely to
result in success or, that rewards for achieving a higher level of performance are simply not worth the effort that
would need to be expended, then motivation intensity (and effort expenditure) decreases. Fairclough and colleagues
(in press) call the point at which a person switches from being willing to expend more effort to a strategy of
avoidance or reduced effort expenditure, the “tipping point.” This relationship is important to instructional design.
Effective learning will take place when learners are challenged to expend effort to stay engaged in the learning task.
However, care must be taken not to exceed the “tipping point” of the individual learner, the point where the learner
withdraws or disengages from the learning task because it has become either too difficult or is no longer worth the
effort.
Frontal asymmetry has gained increased attention over the past two decades for its potential to provide a
relatively stable index of individual differences in emotional disorders and its ability to provide index of transient
state-dependent types of emotional responding (Coan & Allen, 2004). It is the latter use of frontal asymmetry that is
of interest here. Measures of frontal asymmetry may provide an index into the learners’ current cognitive-affective
approach to the task. In general, greater left hemispheric activation is associated with a an approach-related, goal
directed action style characterized by a motivational approach to the task (Davidson, 2004). Conversely, relatively
more right hemispheric activation is associated with negative emotions and avoidance response styles. Fairclough et
al. (in press) observed greater left hemisphere asymmetry in a high load condition when an incentive was provided,

relative to when no incentive was provided. This asymmetry effect for incentive was not observed in low or
excessive load conditions. Rather, when no incentive was provided, left frontal asymmetry decreased in a step wise
fashion from the low to high to excessive load conditions. This observation supports an interpretation that
participants became increasingly disengaged as the task became more and more difficult. The incentive was able to
offset the disengagement somewhat in the high load condition; but, incentive was not sufficient when the participant
was faced with an excessively high difficulty level. Together, these results indicate that frontal asymmetry scores
may be a strong predictor of the learner’s motivational state. Frontal asymmetry used in conjunction with other
metrics such as, frontal midline theta and parietal alpha may provide a sensitive index of both cognitive effort and
cognitive-affective response to the task.
The current study used a part-task UAV simulation in which participants played the part of a mission
controller of a Raven in manual mode. This type of task was chosen because it has a variable degree of workload, in
which operators spend time looking for a target (low workload), and when the target is detected, they have to give
the heading and identification of the target in a rapid manner (higher workload). The heading calculation and
vehicle identification tasks were additionally varied from easy to high difficulty. Participants trained on this task
over a period of time at each difficulty level such that by the end, they were able to calculate the heading of moving
targets relative to the UAV’s heading at 30° intervals and distinguish between six different military vehicles from an
aerial perspective. It was hypothesized that as participants engaged in the task and learned to calculate the headings
and make the identifications, frontal asymmetry would increase over time leading to greater left hemispheric
activation as the tasks became more difficult and required further engagement from the participant.
Methodology
Participants
Fifteen participants (10 male) with a mean age of 23.29 years (SD = 4.43) participated in this study for
partial course credit. All participants had normal or corrected-to-normal vision.
UAV Simulation Task
The UAV task screen was divided into four sections (see Figure 1). The largest portion of the screen
displayed UAV flyover videos, created using Virtual Battlespace 2 (VBS2). Above the UAV flyover window was a
box displaying the UAV’s heading, in degrees. The upper right portion of the screen included a small rectangular
box that indicated eye-tracking connectivity status (eye-tracking data and results are not discussed in this paper) and
a box that prompted the participant for responses. In the lower right portion of the screen was an image of a
compass, demarcated into 30 degree increments.
Prior to the beginning of the task, participants were trained on how to perform the calculation of vehicle
heading by mathematically subtracting the target’s apparent heading from the UAV’s actual heading. Training for
vehicle identification occurred at the beginning of each difficulty level and required the memorization of military
vehicles by name and appearance. During training,
participants were allotted 10 seconds per vehicle to
learn the appearance of each via four separate image
views (bird’s eye, left side, right side, and front-on)
presented in a 2x2 grid with the vehicle’s name
indicated above. Each trial began with the automatic
initiation of a UAV flyover video. The simulated UAV
flyovers had a viewing angle of 30 degrees between the
camera and the ground and the UAV traveled at a speed
of about 12.25m/s at an altitude of 150m. During each
flyover video, a target vehicle would appear in the
distance, with the UAV moving toward and eventually
passing over the vehicle. The target vehicle was always
moving at a constant speed in a constant direction. For
each trial, participants responded by left-clicking the
Figure 1. Graphical depiction of the UAV task screen.
mouse in the UAV flyover window as soon as they

located the target vehicle. Participants were then prompted to enter the absolute direction that the target vehicle was
traveling (in degrees), which required a mental calculation to account for the UAV heading in relation to the target
vehicle’s apparent direction. Next, participants were asked to identify the vehicle by name from a multiple-choice
list. After submitting this response, participants were then asked to provide a workload rating of mental effort for
the heading calculation and vehicle identification on a scale from 1 to 7, with 1 representing the least amount of
mental effort and a 7 the most. Participants were then provided feedback as to the correct target vehicle name and
direction.
There were three levels of difficulty with 20 trials for each level. Each participant completed all three
levels, beginning with the easiest and progressing through the most difficult. In the easiest difficulty level,
participants were presented with two target vehicles to learn, and the UAV heading was always set to 0 (North). In
medium difficulty level, participants were presented with four target vehicles (the two previous learned plus two
more), and UAV headings varied in 90 degree increments (e.g. 0°, 90°, 180°, 270°). In hardest difficulty level,
participants were presented with a total of six target vehicles (the four previously learned plus two more), and now
UAV & target vehicle headings varied randomly between 0 and 330 degrees in 30increments.
EEG Recording
EEG was recorded from 12 Ag/AgCl electrodes. Electrode placement followed the standard 10-20 system
(Jasper, 1958). Data were recorded from sites Fz, F3, F4, Cz, C3, C4, and Pz. Eye blinks were monitored using
electrodes placed above and below the orbit of the left eye to record vertical electro-oculogram (VEOG). A ground
electrode was placed in the center of the forehead (10% of the nasion-inion distance, posterior to the nasion), and
electrodes were placed at the left and right mastoid processes as reference points for the scalp electrodes. The online
recording was referenced to the left mastoid. EEG and EOG were amplified using a NuAmps Neuroscan 40-channel
amplifier and recorded using Neuroscan Scan 4.4. Impedance was maintained below 5 kΩ. Filtering was set to a
bandpass of 0.1 Hz to 70 Hz. Data was recorded continuously at a rate of 500 Hz and stored on a computer hard
disk drive for later analysis.
Experimental Procedure
Participants provided their informed consent and were administered both the Snellen (far) and Rosenbaum
(near) eye tests for vision. Participants then completed two questionnaires to collect demographic information and
to assess way-finding strategy, and viewed a PowerPoint presentation describing the task. The electrodes were
applied to the head of the participant, and then the participant completed the task.
Results
Behavioral Data
Reaction time and accuracy data were analyzed using two separate repeated measures ANOVAs. The data
were broken down by difficulty level (easy, medium, or difficult), task type (target search, heading calculation, and
identification), and segment (first half or second half of each difficulty condition).
Response Time (RT). The reaction time data were analyzed using a 3 x 3 x 2 repeated measures ANOVA,
with difficulty level, task type, and segment as the variables. Mauchly’s Test of Sphericity revealed that the
difficulty level variable was non-spherical, χ2(2) = 6.224, p = .04, so a Greenhouse-Geisser correction was used for
all tests involving that variable. There was a main effect for difficulty level, F(1.45, 20.28) = 6.027, p = .02, such
that RT was significantly faster in the easy condition (M = 11.56, SE = .60) than in the medium condition (M =
13.14, SE = .54) or the difficult condition (M = 13.50, SE = .73). There was also a main effect for task type, F(2, 28)
= 34.51, p = .001, such that RT was significantly faster in the identification phase (M = 4.80, SE = .33), than in the
target search phase (M = 14.76, SE = 1.45) or the heading calculation phase (M = 18.64, SE = 1.26). Finally, there
was a main effect for segment, F(1, 14) = 9.38, p = .01, such that RT in the second half (M = 12.22, SE = .50) was
significantly faster than in the first half (M = 13.25, SE = .61). There was a difficulty level x task type interaction,
F(2.376, 33.27) = 7.42, p = .001, such that RT for heading calculation increased with task difficulty, but RT for
target search decreased with task difficulty, and RT for identification peaked at the medium difficulty level but
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Figure 2. Top three panels show difficulty level as a function of segment (first half or second half) for the three
tasks in terms of reaction time. The bottom two panels show difficulty level as a function of segment for heading
calculation and target ID in terms of accuracy. Error bars the standard error of the mean.
decreased again in the difficult condition. There was also a three-way interaction, F(5, 56) = 7.06, p = .001, which
is graphed in Figure 2.
Accuracy. The accuracy data were analyzed using a 3 x 2 x 2 repeated measures ANOVA, with difficulty
level, task type (minus the target search task, since accuracy was 100%), and segment as the variables. There was a
main effect for difficulty level, F(2, 28) = 4.98, p = .01, such that accuracy was significantly higher in the easy
condition (M = .76, SE = .03) and the medium condition (M = .77, SE = .03) than in the difficult condition (M = .66,
SE = .06). There was also a main effect for task type, F(1, 14) = 9.24, p = .01, such that accuracy was significantly
higher in the heading calculation phase (M = .81, SE = .05), than in the identification phase (M = .65, SE = .04).
Finally, there was a significant three-way interaction, F(2, 28) = 4.15, p = .03, which is also graphed in Figure 2.
EEG Data
The EEGLAB toolbox (Delorme & Makeig, 2004) in conjunction with MATLAB v.2010a (The
MathWorks, Natick, MA) was used for analysis of the EEG recordings. The EEG of 3 participants was not included
in the analysis due to missing data. EEG was high-pass filtered at 1 Hz to remove linear trends, and re-referenced to
the average of the left and right mastoid reference points. For each recording, EEG occurring during three task
periods of interest (target search, heading calculation, and identification) was selected. EEG from each of these
periods was divided into 1 second, 50% overlapping epochs. Epochs that contained eye blink contamination, as
defined as activity exceeding +/- 75 uV on either the upper or lower VEOG electrode, were rejected. Remaining
epochs were Hamming windowed and decomposed into frequency spectra with a 512 point fast-fourier transform.
The average dB power in each of four frequency bands (theta: 4.2-7.3 Hz, low alpha: 7.3-10.2 Hz, mid alpha: 9.211.2 Hz, and high alpha: 10.2-12.2 Hz) was identified for each difficulty condition for electrode sites F3 and F4.
The average dB power of F3 was subtracted from F4 to provide the amount of frontal asymmetry. As such, higher
numbers indicate greater left-hemispheric activity and lower numbers indicate greater right-hemispheric activity.
Additionally, the data was analyzed in terms of the first half of the condition as compared to the last half, to reveal
how frontal asymmetry changed over time being exposed to the task.
The frontal asymmetry data were analyzed for the mid-alpha frequency band using a 3 x 3 x 2 repeated
measures ANOVA, with difficulty level, task type, and segment half as the variables. For the purposes of this paper,
only the mid-alpha data band will be discussed. It is important to note than when discussing the alpha band, higher
values indicate less activity – in a sense, when alpha values are high, the brain is idling. There was a main effect for
difficulty level, F(2, 22) = 3.37, p = .05, such that frontal asymmetry demonstrated relatively less left hemispheric
activity in the easy condition (M = .34, SE = .21) and more left hemisphere activity in the medium condition (M =
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Discussion
The results of this study reveal that as difficulty of the tasks increased, reaction time became slower,
accuracy decreased, and there was increasing left hemispheric activity in the brains of participants. This indicates a
relatively close coupling between behavioral and frontal asymmetry metrics. Specifically, increases in left
hemisphere activity on the frontal asymmetry index were generally associated with more accurate performance.
Frontal asymmetry appears to provide an index of a goal-oriented motivational approach. In the current
investigation, the difficulty level never appeared to exceed the “tipping point” described by Fairclough and colleages
(in press). When broken down by task type, it appears that the heading calculation task was easier than the
identification task according to accuracy, though reaction time measures indicate that there may have been a speedaccuracy trade off, such that participants responded very quickly to the identification task, but with poor accuracy.
The frontal asymmetry results demonstrate greater left hemispheric activity during the identification task, indicating
that the participants continued to try during this task, even with poorer behavioral results. There was relatively less
left hemispheric activity for the heading calculation relative to the identification task, indicating that participants
found this task somewhat easier. The frontal asymmetry interaction for difficulty level x segment is more difficult
to explain. It appears that in the medium difficulty level, participants maintained a motivational approach, as
indicated by relatively greater left hemisphere activity. In the easy condition, greater left hemisphere activation in
segment two was associated with increased performance in the heading calculation task and maintenance of
performance in the vehicle ID task. In the most difficult level, this relationship between increased left hemisphere
activation and increased performance may have only been present for the most difficult task – the identification task.
It would seem that in the medium difficulty level, participants were trying hard on the task throughout, but in the
easy and difficulty conditions they began to try harder as the condition progressed. It is also possible that in the easy
condition, which was always presented first, participants found it difficult at first and therefore frustrating
(explaining the relatively greater right hemispheric activity during the first half) but with more time became more

proficient at the task (explaining greater left hemispheric activity during the second half). In the difficult condition,
a similar effect could have taken place, though it is not clear as to why the medium difficult condition would not
also show this effect.
The results of this study support the use of frontal asymmetry as a metric for determining learner state
during training using EEG. In a real-time adaptive training program, it could provide a means of determining when
the learner is engaged independent of performance metrics. This is critical as poor performance could result from
either overload and frustration or underload or boredom. In conjunction with spectral analyses, which have been
shown to successfully distinguish between different types of working memory usage (Roberts, et al, 2010), it could
provide a more accurate assessment of the workload and motivational state of an individual learner which could be
used to drive adaptive aiding in a training platform.
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